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COMPLETE SPECIFICATION 
Improvements relating to Electrical Resistors and Printed Circuits. 




We,. Harold Vezky Strong, British Sub- 
ject, and Paul Eisler, British Subject, both 
«.f H2. Shaftesbury Aveuue, London, \\ A, do 
h.-rcoy declare tlie invention, for which we 
5 prav "tint: a patent may be granted to us, 
mid -the method by which it is to he per- 
f jiiiirrd, to be particularly described in and 
bv the following statement : — 
* This invention relates to electrical resistors 

10 fl r semi-conductors which consist of one or 
ii: ce layers of u homogeneous or heterogene- 
• aw clvl-trical resistance or semi-conducting 
material or materials mounted upon a stiff or 
Tk-sible insulating support. Such resistors or 

15 semi-conductors may form an integral part 
«.f a multi-layer sheet material or stock form- 
ing a basis for so-called printed circuits, or 
thev mav be used as separate components in 
the f>.»rm of labels, strips, transfers or the 

20 like f~»r incorporation into electrical circuits, 
or they may be used for a variety of other 
purposes as will hereinafter appear. 

The production of the resistors or semi* 
conducting components in printed circuits 

25 has fat been generally more complicated 
than t it- production of separate components, 
hut th« hitter can for the purpose of this in- 
vention be regarded as merely a special case 
of the printed circuit technique. The inven- 

30 timv. will therefore be described more par- 
ticulnrlv in relation to printed circuit*, but 
it is .t*v be understood that the principles, 
methods and products here : n described in 
relation to printed circuits can readily he 

35 adapted or modified as necessary for the pro- 
duction of separate circuit components. 

For convenience, in the following descrip- 
tion and claims the terms " resistor ** and 
" resistance '* will be used, except where the 

*0 context otherwise requires, to mean not only 
a component in which a particular fixed or 
variable ohmic value is the primary require- 
ment, but also a component which exploits 
the- characteristics of the classes of snb- 

45 stances known as semi-conductors. Tims, in 
the- present specification, a " resist- :r ** is 
[Trice 2/8] 



essentially a component consisting of one or 
more layers of a substance which is a non- 
insulator and which exhibits an appreciable 
ohmic resistance, and which extends between 50 
highly conductive electrodes or terminals, 
whether this component is used purely for 
the reason of its ohmic value, or because its 
ohmic value is a function of another variable, 
or for some special effect. Examples of such 55 
components which would not ordinarily be 
classed as w resistors " but which are re- 
garded as coming within the scope of this 
term for the purposes of the present specifi- 
cation are : — 60 

Strain gauges, pressure gauges, micro- 
phones and gramophone pick-ups, where a 
resistive or semi-conducting layer is sub- 
jected to a mechanical force, either steady or 
vibratory, which affects the value of its 65 
ohmic resistance. 

Temperature indicating devices such as 
thermistors, which consist of a semi-conduct- 
ing layer (e.g. uranium oxide) the ohmic re- 
sistance of which varies greatly with changes 70 
of temperature. 

Light-sensitive elements such as layers of 
the sulphides, selenides or tellurides of zinc, 
cadmium or lead, which are photo* conduc- 
tors. 75 

"Rectifying devices such as layers of 
selenium or cuprous oxide whose ohmic re- 
sistance varies according to the direction of 
the applied voltage, or crystal rectifiers (e.g. 
layers of silicon carbide, silicon or germ an- 80 
ium situated between a large contact and a 
very small contact). 

Devices based on the thermo-electric 
effect. 

Devices based on the Hall effect. 85 
Transistors and the like. In the filamen- 
tary transistor a thin germanium film ex- 
tends between a relatively large base and a 
collector electrode, and a small emitter elec- 
trode is arranged between the base and the 90 
collector electrode. 

One object of the invention is to provide 
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a multi-layer stock in sheet or strip form for 
the manufacture of such resistors or printed 
circuits containing them. 
Another object is to provide convenient 
5 electrical resistors for the purposes set forth, 
while a further object is to provide con- 
venient terminal arrangements for the re- 
sistors. 

Further objects will appear from the fol- 
10 lowing description. 

.Warding t*i one aspect of the invention a 
multi-layer stock in sheet or strip form fer- 
tile manufacture of electrical resistors (as 
defined above) or printed circuits containing 
15 them comprises an insulating support, at 
least one layer of electrical resistance 
material adhering to the support, and a layer 
of a highly conductive material of negligible 
square area resistance adhering to the outer 
20 surface of the resistance material and in in- 
timate electrical contact therewith. 

The conductive layer is such that it can 
form conductors for an electric circuit, and 
also has sufficient strength to serve as ter- 
25 minals to which electric connections can be 
made if required. 

The invention should therefore not be con- 
fused with a prior proposal for the manufac- 
ture of a composite resistor comprising a 
30 thin film of copper over a graphite coating on 
a non-conducting base, since in that case the 
copper film forms part of the resistor itself 
and must therefore be so thin as to have a 
significant ohmic resistance. Moreover, a 
35 thin film of this kind would be too fragile to 
serve effectively as a terminal. 

Before the stock can act as a resistor an 
area of the highly conductive layer must he 
removed, since if an electric potential is ap- 
40 plied between two points on a single area of 
the highly conductive material the current 
will flow almost entirely through this 
material so that the underlying resistance 
layer or layers will be ineffective. But if the 
45 * w <> points are on two separate areas of the 
highly conductive material and an exposed 
area of the resistance material extends be- 
tween them, the current will have to flow 
through the resistance material. 
50 The ohmic value of the resistance will de- 
. pend upon the specific resistance of the 
' material itself and its thickness, and will also 
depend upon the shape (i.e. the length and 
breadth) of the exposed area. It may also 
55 depend to some extent on the direction of the 
resistor axis, or upon a deformation of the 
support, as will be explained hereinafter. 

Separate highly conductive areas at two 
ends of an area of the resistance layer act 
60 as terminals by which the current is led into 
and out of the resistance layer. Siiuv the 
highly conductive layer is in intimate elec- 
trical contact with the resistance layer the 
current can readily pass from the terminals 
65 into the resistance layer, and vice versa. 



Also, since the resistance layer is j: 
plane there is no undesirable '* step " such as 
occurs in conventional printed circuit t--!i. 
nique where resistors are formed by painting 
on nr otherwise applying resistance coatings 7o 
t.» a support which already bears a conduc- 
tive pattern. In such a case the resistance' 
coating must overlap the conductive areas t. 
which it is to be connected, and a " stop ** 
o. curs where the overlap begins. 75 

In certain cases there may be two or mm-,, 
layers of resistance material between, thr in- 
sulating support and the highly couductive 
la>er, these resistance layers having different 
chemical and or physical properties. R\ gn 
selectively removing the outer layer u.r lu\ei*s 
of resistance material, resistors* having "dif- 
ferent resistance values per square ana can 
he made. The requirement that these re- 
sistance layers must be capable of selective 85 
removal is the reason for their having dif- 
ferent chemical and/or physical properties, 
since the layers can then be selectively re- 
moved by treatment with different agents. 

The multi-layer sheet material consisting 90 
of an insulating support, one or more, layers 
of resistance material, and an outer layer of 
highly conductive material forms the "s toe k 
or raw material from which printed circuits 
or separate components can be made. Essen- 95 
tially, the method of converting the stock 
into the desired product comprises tli- selec- 
tive removal of unwanted layers, to leave 
areas having the required electrical proper- 
ties, namely insulating areas (all la vers 100 
above the support removed), resistance areas 
(the conductive layer removed, and in cer- 
tain cases also one or more resistance layer? 
from above the particular resistance layer 
required), and conductive areas (no layers 105 
removed). 

Thus according to another aspect of the 
invention a method of making an electric re- 
sistor or a printed circuit containing a re- 
sistor from a stock as aforesaid comprise- \\Q 
selectively removing certain areas of a lavcr 
or layers by treatment with an agent or 
agents capable of removing the said layer or 
layers, while protecting from the action of 
the agent or agents those areas of the sa : d US 
layer or layers that are to be retained. This 
protection may be afforded either hv the 
presence of an overlying area which is un- 
affected h\ the agent or agents, or by the 
prior application of a protective coating. j20 

The outer highly conductive layer of tin- 
stock preferably consists of a pre-fornu-d 
metal foil such as copper foil, tinned copper 
foil, aluminium foil, zinc foil or silver foil, 
and any convenient foil thickness may he \2S 
used, for instance 0.002". The metal of tin- 
foil should preferably be soft. Other kinds 
of highly conductive layer may be used as 
will be described hereinafter. The metal of 
these layers should preferabiv be oiijSall^ of l30 
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i„in" soldered so that other conductors or 
components can be connected to them easily. 

Kor the insulating base or support almost 
. m v insulating film or sheet material can be 
5 u <ed However, since it is usually desirable 
i , r the stock to be flexible and mechanically 
strong it is preferred to use a flexible msu- 
litin° sheet material, for instance insulating 
impregnated paper or fabric. Obviously the 
in iivsulatiiu; material must be such that it is 
unaffected hv the various agents employed 
f irt - selectively removing the superimposed 
resistance and conducting layers. 

Where capacitors are made from the same 
lS<tock the insulating support should be very 
thin and must be made of a material having 
uniform dielectric properties to make it us- 
able as a capacitor dielectric of known square 
area permittivity. 
20 Many circuits require a stock where the 
insulating support and one or more resist- 
ance hirers are sandwiched between two 
HWilv conductive layers, and so the inven- 
tion embraces not only stock in which there 
<>5 are la vers on onlv one side of the insulating 
support, but also stock in which there is on 
the side of the insulating support opposite to 
that which carries the said resistance and 
hHilv conductive layers, a further highly 
30 conductive layer either alone or associated 
with at least one further resistance layer. 

In certain applications of the invention it 
muv be desirable to contact the resistance 
layer on some areas from the side adjacent 
35 to the insulating support, lor many such 
replications the insulating support may con- 
sist of a soluble plastic film or varnish, or it 
muv be a perforated sheet with a soluble 
plastic film filling the perforations. Alterna- 
40 tivelv the material of the support may be 
«uch that it is easilv pierced or split me- 
chanically. Over the area where contact 
with the inner surface of the resistance layer 
is desired, the insulating support is dis- 
45 solved awav or pierced, and the exposed 
inner surface of the resistance layer is metal- 
lised or otherwise provided with an electrical 
itontact. For instance, one type of transistor 
which has the emitter and collector contacts 
50'ui one side of a germanium layer and the 
base on the other side can be made in this 

WHY. . 

The material for the resistance layer or 
lavers mav take several forms. It may be, 

55 for instance, a thin continuous layer of a 
metal having a specific resistance which is 
considerablv different from that of the outer 
hHilv conductive layer. For instance if the 
outer laver is copper, lead or a nickel-chrome 

60 alloy could be used for a resistance layer. 
In order to produce stock capable of pro- 
viding metallic resistors which are stable in 
value over a wide range of temperatures the 
following technique may be employed. 

.65 In the first place a bimetallic foil is pre- 



pared consisting of a layer of a highly con- 
ductive metal, and a comparatively much 
thinner layer of a metal having a high speci- 
fic resistance and a small temperatuiv co* 
efficient of resistance. The bimetallic foil 70 
may be made in a number of ways. For in- 
stance, possible methods include cladding by 
a rolling process, electro-deposition, chemi- 
cal deposition, vacuum deposition, and de- 
position from the colloidal state followed by 75 
suitable heat treatment. 

The highly conductive layer of the bi- 
metallic foil "will comprise the outer conduc- 
tive laver of the stock, and must be capable 
of being etched away or otherwise removed <* u 
bv an agent which does not attack the thin 
laver of resistance metal. If desired the 
selective removal of the outer conductive 
laver can be assisted by providing a thin 
parting film of conducting material between 85 
the two metal layers, this film being remov- 
able by an agent which does not harm the 
thin laver of resistance metal. The parting 
film mav be a very thin metal film or a non- 
metallic film such as a carbon-resin film. 90 

As regards the constitution of the metal 
of the thin resistance layer, an alloy of man- 
ganese (over 80%) and copper heat treated 
to over 600°C. would be very suitable. This 
allov has been reported to have a resistivity 95 
of 500 to 1600 microhms per centimetre 
cube, and a very small temperature co- 
efficient. Other suitable alloys are, for ex- 
ample, certain copper-manganese-nickel al- 
lovs ; copper-nickel alloys ; nickel-silvers (i.e. 100 
allovs of copper, nickel and zinc) : copper- 
silicon ; copper-nickel-chromium ; chromium- 
nickel ; and chromium-nickel-iron. Some al- 
loys of noble metals are also suitable, for 
example silver-palladium. 105 

Factors which govern the choice of the 
alloy are, for instance, the requirement of 
differential solubility of the alloy and the 
metal of the foil and the ease of forming a 
layer of the alloy on the foil. The foil base 110 
for the alloy layer permits of a continuous 
and readily controllable layer-forming opera- 
tion, the choice of surface from very smooth 
to deeply grained, and the use of high tem- 
peratures during or after the formation of 115 
the layer on the foil. 

Another important class of materials suit- 
able for forming the resistance layer or layers 
consists of carbon powder or graphite powder 
or colloidal graphite in a binder. Such layers ]20 
can be produced by coating the foil or the 
insulating backing, for instance by roller 
coating, the coating preferably being thinned 
by being carried in solution or as an emul- 
sion. After coating the carrier is driven off, 125 
for instance by evaporation. Alternatively, 
self-supporting films from ul)out a half- 
thousandth of an inch up to a few thou- 
sandths of an inch thick can be made when 
certain binders are employed. These films 130 
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can then be 'bonded to the insulatm- support 
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materials than with the latter. 

.Preferably the binder is selected so that it 
can itself serve to bond the resistance layer 
to the metal foil or to the insulating support, 
5 whereby the use of additional cements is 
avoided. 

Where the stock is to ne used for making 
printed circuits where noise level is of im- 
portance, it is preferred to use a resistance 
10 laver consisting of a metal or a metal com- 
pound, or, if a carbon layer is used, to en- 
sure that there is proper contact between the 
carbon particles. 
Another possible class of resistance layers 
15 consists of thermosetting, thermoplastic and 
elastomeric variants of conductive materials 
known as " Markite " conductive plastics, 
which can be supplied with a conductivity 
ranging from approximately that of mercurV 
20 t«» that of high conductivity rubber, or boron, 
or even lAvi;r. I See pages 06 to 09 inclusive 
of " Electronics " for October 1949, pub- 
lished bv McGrnw Hill Publishing Co. Inc., 
New York, U.S.A.) Thin films or coatings 
t5of tw i selectively soluble " Markite " plas- 
tics, or of a " Markite plastic and another 
resistance layer, can be employed for the 
purpose of the invention. 

Tin* above examples of resistance layers 
30 arc mainlv for those resistors which exploit 
tin* ohmie value of the layer. Substances of 
the semi-conducting class, may be used as 
the resistance layer or layers for the produc- 
tion of resistors used for other purposes. 
35 such as rectifying, amplifying, or exhibiting 
sensitivity to changes in temperature or iti 
the quality or intensity of incident light. In- 
trinsic semi-conductors (silicon, germanium, 
or lead sulphide) can be used, as well as 
40 impurity semi-conductors such as various 
metallic oxides, sulphides, selenides or tel- 
luridos, and elements such as selenium and 
tellurium. These semi-conductors can he 
coated i.n to a metal foil, which as indi- 
45 cited ah. .ve in connection with metallic re- 
sistance layers affords high controllability 
and ease of heat treatment, as well as other 
advantages such as freedom from chemical 
contamination and exclusion of atmospheric 
50 influences. 

Having given an indication of some types 
of resistance materials, foils and insulutii'.g 
hackings) which may he used in the stock, 
various methods of manufacturing printed 
55 circuits incorporating resistors will now he 
described by way of example with lefereiuv 
to the accompanying drawings in which: — 

Figures 1 to 7 illustrate the various htages 
of one method of manufacturing a three 
♦0 layer circuit ; 

Figure 8 illustrates a stage in an alterna- 
tive method of manufacturing a three layer 
circuit ; < : t 
Figures 9 to 15 illustrate various stages in 
€5 a further method of manufacturing a three 



layer circuit; 

Figures 16 to 24 illustrate various stages 
in one method of manufacturing a four layer 
circuit : 

Figures 25 to 33 illustrate various 6tages 70 
in another method of manufacturing a four 
layer circuit ; 

Figure 34 illustrates the structure of a five 
layer stock, and 

Figure 35 illustrates the structure of a 75 
modification of a four layer circuit during its 
manufacture. 

The drawings are highly diagrammatic; 
for instance, the thickness of the layers in 
relation to their areas is very much greater 80 
than would be the case in practice, and their 
relative thicknesses may differ substantially 
from those adopted in practice, which will 
vary widely depending upon requirements. 

The method of manufacture illustrated by 85 
Figures 1 to 7 produces a three layer circuit 
in which the area A is to comprise a single 
layer of insulating material only, the area B 
is to comprise a double layer consisting of an 
insulating layer overlaid with a layer of re- 90 
sistance material, and the area C is to com- 
prise three layers, namely an insulating 
layer overlaid with a layer of resistance ma- 
terial which \< in turn overlaid with a layer 
of highly conducting material. 9o 

The stock from which the circuit :s to he 
manufactured is made up as follows. 

A sheet of copper foil F is roller coated 
with a mixture of colloidal graphite (or other 
carbon particles) in water and biehromated 100 
fish glue. The coating is dried and is then 
heated to 3">0° C. so that the carbon-con- 
taining layer is burned into the copper foil 
and becomes insoluble and unattacked b\ 
water or etching agents such as iron per 105 
chloride. The layer adhere? firmly to the foil 
and forms a coating R which, while conduc 
tive. has a considerably higher specific re 
sistance than the foil. The coated foil is verv 
flexible. HO 

The coated side of the foil is now ce 
men tod to an insulating support S, for in- 
stance an insulating impregnated paper, 
using an insulating cement which is remov 
nble\\ means of a solvent. Thus a syn- 115 
thotic rubber which is soluble in acetone 
would form a suitable cement. The resulting 
stock is a three layer sheet as shown in 
Figure 1 in which the resistance layer R is 
sandwiched between the foil F and the in- 120 
sulating support S. 

The resistance value* of the layer R can be 
calibrated, after the usual ageing aaid other 
conditioning treatments of the stock, by 
cutting out test pieces at various selected 125 
points in the length and width of the stock, 
removing the foil from certain areas in the 
manner hereinafter described, and there- 
after measuring the resistance values of the 
exposed areas of the resistance layer R. It 130 
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sirn.lur techni«,ue m the printing knd etch- 
•ng process as is used for obtaining Siff "rent 
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using a third ink layer «>n the area in ques- 
tion and relying mi the same effect, or by 
printing a kind of half-tone pattern of the 
ink D over the ink E (Figure 8) so finely 
5 that when the sheet is immersed in the sol- 
vent for the ink E those ureas 'if the ink E 
which are underneath the half- tone put tern 
nf the ink D are not completely removed 
during the time of the treatment. These 
10 areas then protect similar areas of the met;; I 
foil during the subsequent etching treat- 
ment. The degree of dissolution is a func- 
tion «;f the density of the half-tone printing. 
If the printing is done photographically the 
15 ordinary photogravure method is applicable. 
In this case the varying degree light harden- 
ing of the gelatine determines the perme- 
ability of the resist to the iron perch lorido 
and thus the decree of etching of the copper 
20 foil. 

A variation of the printing and etching 
method described in relation to Figures 1 to 
7 and Figure 8 is illustrated in Figures 9 to 
M. In this method it is unnecessary to use 

25 inks having different solvent characteristics, 
and moreover it enables the resistance coat- 
ing of the area A to be removed more 
quickly, for instance by assisting its disso- 
lution mechanically by swabbing or by abra- 

30 si on, such as sen tie scratching. With a 
somewhat more drastic abrasive treatment it 
is possible to remove layers which are in- 
soluble, such as carbon films with binders of 
fully cured thermosetting resins or vulcan- 

35 ized rubbers. Abrasion may be used alone, or 
it may he accompanied by swelling treat- 
ment or blast action. The metal foil pattern 
itself can be used as the resist to protect 
from abrasive action the portions of the \m- 

40 deriving layers which are not to be removed. 
In this method the three layer stock em- 
ployed ( Figure 0) is the same as that shown 
in Figure 1. In the first stage the areas B 
and C are both over- printed with a single 

45 layer of ink E. as shown in Figure 10. Next, 
as shown in Figure 11. the printed sheet is 
etched, thus removing the exposed metal foil 
from the area A. If the agent for removing 
the resistance layer R will also remove the 

50 ink K the sheet is next subjected to treat- 
ment with this agent, whereby the exposed 
resistance layer K from the area A and the 
ink layer E from the areas B and C are 
simultaneously removed, as shown in Figure 

55 12. This removal can be effected by a dry 
*>r wet abrasion process, or by a solvent or 
<wellinc agent for the resistance layer and 
for the ink film, assisted by swabbing if re- 
quired, since the material beneath the ink 

60 layer comprises only met«l foil and the 
ninterial beneath the exposed resistance layer 
corn | irises only the insulating support, which 
nre mechanically robust. Alternatively. ">f 
( the agents for removing the ink E and the 

65 resistance layer It nre not the same, th* 



state of Figure i'l ean either be reached in 
two stages from the stage of Figure 11 or 
else, if the two agents are mutually com- 
patible, they may be mixed in a single bath, 
or applied in some other manner in a single yj 
application. 

Next the sheet is coated over the areas A 
and C with an ink, lacquer, or otlrer protec- 
tive substauce G, for instance by printing, 
painting or spraying, as shown in Figure Ul. 75 
During this stage the area B is masked, for 
instance by a stencil. Consequently the foil 
layer F remains exposed in the area B. The 
sheet is now subjected to a second etching 
treatment whereby the exposed metal foil is 80 
removed from the area B, as shown in Figure 
14. Finally the coating G is dissolved from 
the areas A and C to leave the desired pro- 
duct as shown in Figure 15. As the support 
S is unattacked by the etch bath, the ink 85 
coating G in the area A may be omitted if 
desired. 

With any of the methods so far described 
the exposed surface of the resulting sheet 
may be coated with a non-conducting lac- 90 
}uer, except for those parts of the area C 
where electric connections are to be made, 
or the final dissolution of the ink film cover- 
ing areas C may be effected only on these 
connection areas. It may sometimes be 95 
preferable for the exposed areas of carbon- 
filled resistance layers also to be left bare, 
since it has been found that a lacquer coat- 
ing may on occasion produce unpredictable 
disturbances in the electric characteristics of 100 
such layers. A variation of the method just 
described may be used in cases where the 
resistance layer needs a protective coating. 
This variation will be described later. 

The products of the methods described 105 
above are printed circuits having conduct- 
ing areas, non-conducting areas, and integral 
resistance areas. The latter can have any 
desired value which may be obtained by suit- 
ably designing the shape and by using a 110 
square area of the single resistance layer B 
of suitable square area resistance value. 
Since it is known from the tests referred to 
above either that this value is uniform over 
the whole sheet, or, if it varies, the extent 115 
and nature of this variation, the actual value 
of the resistor will conform to the designed 
value to a high degree of accuracy. Con- 
versely, the actual value can be accurately 
predicted from the design data. 120 

In some cases the range of resistance 
values obtainable by a single resistance layer 
will not be sufficient, and two or more layers 
of different resistance materials having dif- 
ferent resistance values per square area will 125 
be needed. The stock in such cases may con- 
sist of an insulating support and a sheet of 
metal foil sandwiching two (or in some cases 
three or even more) layers of resistance ma- 
terial which are in intimato contact with J30 
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each other. 

If two layers are found to be sufficient f*.r 
liit; circuits in miestion, as shown in Figure 
lli, the two resistance layers H 1 and TF- must 
5 not only have the required resistaise values 
per unit of urea, hut must he capable «.f 
being selectively removed, the layer l\- being 
unaffected by the agent used for removing 
the layer R 1 . It is nut necessary that there 
10 is full reciprocity; the layer E l need nut be 
unaffected by the agent used for the remov- 
ing the layer 1? J . since it can he protected 
during the removal of the unwanted parts of 
_ the layer H- by tlie metal foil and <;r a pro- 
15 tectivc coating or imprint. 

The stock shown in Figure 10 may be 
made up as follows. First of all a sheet of 
copper foil F is electro plated with an ex- 
tremely thin lead film which is then con- 
20 verted into lead sulphide by treatment with 
sodium sulphide to form a resistance layer R 1 . 
This layer is then roller coated with a carbon- 
filled neoprene solution constituting the 
other resistance layer K 2 . Finally the double 
25 coated foil is secured to an insulating support 
S, for instance impregnated paper, by n suit- 
able cement. The resulting stock is then 
tested to ascertain the resistance values of 
the layers R* and R 2 on the lines indicated 
30 in connection with Figures 1 to 7. 

Instead of coating, the layer R 2 completely 
over the layer R 1 it may be applied in reticu- 
lar form as a series ot crossing lines by cross 
ruling as shown in Figure 17. The network 
35 of lines shows a very fiiu- appearance with 
frequent crossings of the lines. It is so de- 
signed that the Jine< are closer together in 
one direction H than in the other direction -J 
so that in a given square area the resistance 
40 value in the direction H will be greater than 
the resistance value in the direction J. This 
enables two different resistance values for 
the layer R* to be obtained from an area of 
resistance material of a given shape, depend- 
45 ing upon the direction in which the termin- 
als are arranged. The resistance values in 
the different direct inns are determined em- 
pirically and are added t<> the design data 
for the stock. 
50 The network of lines shown in Figure IT is 
made by straight line ruling, but other ar- 
rangements may be employed, thus, for 
instance, a ruling pen may be oscillated or 
be moved in circles, so that wavy, cyclic or 
55 other curved lines are drawn. Alternati vvlv 
the pattern may he printed with any design 
of intersecting lines. Tin- ruling of groups 
of straight parallel lines at an angle to each 
other will usually have to be done in two 
60 -teps, whereas other methods such as print- 
ing or. ruling with rotating or oscillating pens 
can be accomplished in only one stepT 

Apart from the directional values of the 
resistance of. the layer R=. the stock shown in 
65 Figure lli is capable of providing in printed 



circuits areas having four different character- 
istics, as follows: — , 
(A) Layers F, U» and R= removed, leaving 
only the insulating support S. ° 

<H') Foil layer F only removed, leaving 70 
the resistance layer R 1 superimposed on the 
resistance layer R 2 of substantially greater 
specific resistance, which in turn lies on the 
insulating support S. 

( H-) The foil layer F and the upper ? v . 75 
>:st;mt*e layer R> removed leaving onlv the 
resistance layer R 2 of relatively high specific 
resistance upon the insulating support S. 

t(') Xo layers removed,- s», that the ar.-a 
U highly conducting. 8Q 

In order to convert the stock of Figure 10 
into the required product of Figure 24. a 
pattern covering the areas C and B 2 is 
printed on the foil using an ink D. A second 
printing is then carried out which superin.- 85- 
poses a layer of ink E over the layer D in 
the area C, and also over the foil in the area 
R 1 . The printed stock is shown in Figure It*. 
The inks must be capable of selective dis- 
solution : for instance the ink D mav he a 90 
bituminous ink and the ink K a shellac ink. 

Next, the printed material of Figure 1H is 
etched either chemically, for instance in 
nitric acid, or eleetrolvtioally by being made 
the anode in a suitable copper and lead sul- 95 
phide dissolving hath, whereby the coppei 
layer F and the lead sulphide layer R 1 ar 
removed from the area A as shown in Figure 
10. Next the sheet is treated in a benzene 
bath, for instance, which removes the ex- 100 
posed carbon-filled neoprene layer R 2 from 
the area A and also dissolves the exposed 
layer of ink I) from the area R 2 as shown in 
Figure 20. The ink E covering areas B 1 and 
C is not attacked by benzene. 105 

Next tile sheet is etched as before, with 
the result that the metal layer F and the 
lead sulphide layer R 1 are removed from the 
area R 2 as shown in Figure 21. 

In the next step the sheet is treated with 1 10 
methylated spirit m order to ivuhav the 
shellac ink E from the areas IV and t\ but it 
will be observed that the metal foil F in tin- 
area (* still remains covered b\ the luver • i" 
ink I) which is not soluble in methylated H$ 
spirit. The sheet now has the f<»rm shown 
in Figure 22. 

The next step is the removal of the Copper 
foil F from the area R> without removing 
either the layea of had sulphide R' beneath 120 
it or the exposed resistance hi\er R- in tin- 
area This eau he done by etching tin- 
copper anodically in an electrolyte which 
does not enable lead sulphid- to go into solu- 
tion. This elect rolite may consist of a 125 
copper sulphate solution kept neutral by the 
addition of calcium carbonate for instance. 
This method is rather slow, and a quicker 
method of removing the copper is - first to 
treat the sheet in a cyanide- hath until only 130 
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thin film of cupper is left and then to trans- 
fer the sheet to a bath of the aforesaid cleo- 
;n .lyte for removing this thin film of copper. 
Thorough washing is required after tht- rc- 

n u-oval of the copper foil F from the area B . 

* The prodiut now has the form shown in 

Fisxure 23. . 

jn the next step the whole sheet is 
graved with a laver of nitm-cellulose lacquer 
10 N except for the electrical connection points 
th- area C\ which can be masked by a 
Pencil. Tinallv the sheet is treated with 
i,.>n/er.e which remove the ink D from th.^e 
parts of area C which were shielded by the 
isltencil. the nitro-eellulose lacquer N pro- 
lectin? the layer R 2 in the area B 2 from the 
action of the benzene. 

The resulting product is shown m l-igurfc 
24. If desired the nitro-cellulose lacquer N 
20 caii be removed but this is not essential 

Another method of preparing a four layer 
printed circuit is shown in Figures 2o to 33. 
Fir*t of all a stock somewhat similar to that 
of Figure 16 is prepared, except that in tins 
25 C a<e the foil is fairly thick and the layer R* 
rnn^ts of, sav, carbon-filled shellac, wml- 
the luver R 1 consists of a series of intersect 
inc lines ruled with, say, a carbon-filled 
alkvd resin ink. The coated foil is heal 
30 treated so that the shellac film still remains 
alcchol-scluble while the alkyd film is ren 
dered insoluble in any organic solvent. This 
stock has the form shown in Figure 2». >ext 
•x c n«tin<* of ink D, for instance a bituminous 
35 ink. which is resistant to the etching chemi 
-ah or to the anodic bath for the removal of 
copper is printed on the areas B\ B 2 and C 
as ihown in Figure 20. Next the sheet is 
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subjected to chemical or electrolytic etching 
40 to remove the copper layer F from the area 
A as shown in Figure 27. 

\e\t, as shown in Figure 28, the sheet is 
subjected to a wet abrasion process such as 
scrubbing with, a scouring powder which re- 
45 moves the ink layer D from the areas B\ 
B- and C and also removes both the re- 
Stance lavers R* and R 2 from the area A. 

In the next stage the sheet is coated with 
a shellac lacquer E, except for the areas B 
50 and B- where the metal foil is left exposed 
ac chown in Figure 29. This exposed foil 
laver is then removed by chemical or elec- 
trolytic etching as shown in ligure >0. 
Next a laver of nitro-cellulose lacquer .\ 
55 is applied to the areas A and B' and also to 
tho*e parts of the area C on which the foil 
is not required to be exposed. The sheet now 
ha* the form shown in Figure 31. *ext tnc 
«hect is treated with methylated spirit which 
60 dissolves the shellac lacquer E wherever it is 
not protected by the nitro cellulose acquer, 
N The methvlated spirit also dissolves the 
laver R 1 from the area B 2 as shown in Figure 
30 If desired the areas B 2 may be finallv 
65 coated with protective lacquer N by stencil- 



ling, giving a product as shown in Figure 33. 

A stock with three resistance layers R 1 , 
R= and R r * sandwiched between the foil layei 
F aud the insulating support S is shown in 
Figure 34. This stock can not only give a , 
still wider range of resistance values, but it 
can also simplify the differential dissolution 
of the resistance layers. This is done b\ 
making the central resistance layer R 2 very 
different in solubilitv from the other resist- 75 
ance lavers R 1 and R 3 . If the layer R 2 were 
for example lead sulphide and the layers R l 
and R 3 were for example carbon-filled resm 
films soluble in alcohol, a step-by-step dis- 
solving procedure could be employed using 80 
acid and methylated spirit as the only sol- 
vents, and using alcohol -soluble aud alcohol- 
insoluble acid-resisting inks or lacquers re- 
spectively as the two protective media. The 
lead sulphide film R 2 would protect the lower 85 
resin-bonded film R* frcm the action of an 
alcohol solvent when the upper resin-bonded 
film R 1 is beins dissolved, while an acid 
would dissolve the lead sulphide film R 2 
without attacking the lower layer of resin- 90 
bonded film R 3 or the protective media 

The laver R 2 can be produced electrolytic- 
ally on the metal foil F which has previously 
been coated with the carbon-filled resin layer 
Ri bv first plating a very thin film of lead on 95 
the laver R l and then chemically converting 
this lead film into lead sulphide. If required 
this process can be repeated until a sufb- 
cientlv thick laver R 2 lias been obtained. 
\lternativelv the layer R 2 might be formed 100 
bv other methods, such as deposition from 
the vapour state or by chemical mirror 
formation. 

\lthough the production of the stock has 
been described with particular reference to 105 
starting with the metal foil F, as is the pre- 
ferred procedure, it will be appreciated that 
one can start with the insulating support S, 
and coat this support with one, two or more 
resistance lavers, finally electro plating the 110 
outermost laver with copper or with another 
hM > conductive metal to a sufficient thick- 
ness " this electro-plated layer constituting 
the laver F. Alternatively it would be pr>>- 
sible to deposit the metal layer on the outf-r llo 
resistance laver bv vacuum deposition, this 
deposit being reinforced if necessary by pint- 
in° 

Bv the use of a highly conductive cement. 
*uch as one made of n " Markite " conductive 120 
plastic material as referred to above, or such 
as a fine silver powder in a convention* 
adhesive, the metal foil could be cemented 
to the outermost resistance luyer. Alternn- 
tirelv a conductive plastic could be coated 
nn the outermost resistance layer and then 
electro-plated or solder-painted to provide 
the conducting layer. These arrangements 
also give a strong bond between the conduct- 
in» laver and the outermost resistance layer. 180 
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J-rom the point of view „f electrical char- 
acteristics the conductive cement can be re- 
garded as part .if the foil, and must of eour<e 
he removed uith the foil durin- \\ K . .. £i ., t 
5 treatment or subsequently. 

The many possible variations in inethod< 
and materials for carrying out tiie invention 
permit a selection of those most suitable fur 
each particular application. Printed circuit. 
1U containing resistors are preferably manufac- 
tured from sto;k in which resistance htver. 
are direct Jy cn«ted ..n to a metal foil. Con- 
ductive cement i< preferably used when a 
resistance layer is f amed e:t!.er directlv on 
an insulating support or independent as a 
self-supporting film which is stuck on' to an 
insulating support. This method can also b e 
used for the production of separate resistors 
tor attachment to printed eiriuits, e - 
20 labels, strips or transfers. 

One feature common to most aspects of the 
present invention is the necc-ssitv for prirt- 
mg, stencilling or otherwise treating certain 
areas of a sheet in correct register. It is of 
to course possible to use any of the usual 
methods of register printing to achieve the 
desired result, but the etching step affords 
a simple means for providing mechanical 
registering of the second and any subsequent 
Sprinting or coating steps in relation to the 
hrst imprint. This can be done bv providing 
for holes or edges at suitable points in the 
foil areas during the first printing ther*>n n of 
a protective coating, so that the foil is etched 
*> awnv at these holes or edsres in the etching 
step which follows this protecive printing 
I hen by using these holes or edges in the 
foil, the printing plates or stencils for sub- 
sequent printing or coating operations can be 
w brought mechanically into register. 

In a previous example the°exposed resist- 
ance layer is coated with a varnish or lacquer 
to protect the layer during any subsequent 
stages of the processing and for permanent 
•to protection afterwards (see Figures 31-33) It 
has been found that the influence of such 
coatings is not always compatible with the 
aim of exact predetermination of the resist- 

-o a !l° e Vi L hie ' sincp t,,e resistance value is 
n0 often influenced by the coating in an unpre- 
dictable way. 1 

In order to avoid this contingency and to 
provide protection for the exposed areas of 
_ a .resistance layer these areas mav be pro- 
vided with a protective mesh screen, for in- 
stance of a resinous material. Thi* *creer 
can be applied in several wavs In one 
method the metal foil is coated,' for instance 
iy print. n- with a suitable screen before it is 
60 bonded to the resistance laver. The screen 
can he of any convenient shape, for instance 
:» mesh of crossing lines. In another method 
instead of the screen being applied to the 
surface of the foil, grooves mav be etched or 
6d otherwise produced in the foil and the 



screen-forming substance placed in thes'^ 
grooves. Before the res stance liver i ' 

^ttl m >, th r re?istance ,Hver bonded 
together with the screen between them the 70 
^creen-forming substance should be properiv 
*«. e.g. polymerised, so that this substanr^ 
cannot influence the resistance value in Z 
impredietable manner. Thus when the neca 
fo. has been etched auay the mesh screen 75- 
ancelave!'" SU ' ,erim l' wed "I™ the resist- 
In the areas where the resistance laver has 
to be removed, u solvent for the screen sub- 

t.ie u.u.le of the resistance area which is to 
be removed Alternatively, if the resistance 
layer is to be removed by washing with an 
agent which attacks the cement bv which 
the resistance layer is secured to the under- 85 
bug layer, there may be no necessitv for 
Hrst removmg the screen, since this will cmrc 
away with the resistance material 

B> making the screen-forming substance 
slightly conductive, for instance bv including 90 
a small amount of colloidal graphite or other 
carbon particles therein, the electrical char- 
acteristics of the resistance laver will differ 
somewhat from those cf an equivalent un- 
screened layer, and some useful additional 95 
effects can be achieved. For instance the 
screen will bridge any pinhole or fine crack 
m the resistance layer without si-nificantl- 
altering the electrical characteristics of the 
screened area By varying the widths of 100 
the lines m the screen different resistance 
values per square area can be obtained This 
can also be done by superimposing two or 
more screens formed of substances which 
are capable of selective removal, so xhnt bv 105 
suitable treatments exposed areas of either 
screen can be removed. It should be borne 
m mind when superimposed screens are used 
that areas of metal foil must remain visible 
in the interstices between the screen* to 110 
permit the resistance material to n:ake con- 
tact with the foil. 

Reference has been made above to the no*, 
sibihty of providing temperature-stable re- 
s.stancc layers consistm- of , v rt«in metal 1 15 
a I mvs. I emperaturc-stable lavers of carbon- 
n. ed resistance material can be achieved as 
follows. Such layers norn.allv have n nega- 
tive temperature coefficient of lesis-mre W,u 
if the layer .s mer-hani.-all v strained the re- 
sistance will increase, with the strain Thus 
by causing the insulating support to expand 
or otherwise change its shape a* the tem- 
perature rises, in such a manner as to in- 
crease the mechanical strain of the laver 
the negative temperature coefficient can be 
wholly or partly compensated. This prin- 
ciple can be employed also to give, within 
limits, any desired temperature coefficient, 
and resistors embodying the principle mav 
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therefore be employed in many forms of aiv 
tnratus where indication, measurement or 
^nirol as a function of temperature or strain 
..f the resistance layer is required. If the 
c irnuierature-strain characteristic given bv 
the expansion of the insulating support is not 
satisfactory a bimetallic thermometal strip 
can be secured to the insulating support ou 
the side opposite to the resistance layer in 
10 question. This thermometal strip will bend 
!< the temperature changes, thus stretching 
or compressing the resistance layer depend- 
in -r uuon the direction of bend, tlius altering 
the resistance value of the resistance layer. 
15 Both carbon and metallic resistance layers 
can be used with this arrangement, and ac- 
cording to the matching of the various ele- 
ments either a degree of compensation of the 
temperature constant of the resistance layer. 
« 0 „v an accentuation of it for temperature 
indicrtins purposes, can be achieved. It will 
he apnreciated that the influence of strain 
on the resistance value of a resistance layer 
can be used for other purposes as well, 
os resistance layers consisting of colloidal 
graphite in an elastic resin such as a silicone 
or chlorinated rubber, have been found to 
f-xhihit in a satisfactory degree the property 
. t vowing their resistance in dependence 
30 u*r r "' strain. An elongation increases the re- 
<-t;ii. :* and a compression decreases it. 
OrhVv resistance layers have the same pn- 
DGrtrv 

Thus bv mounting such layers on flexible 

35 supports 'in accordance with the invention 
* thev can be used as rheostats or variable re- 
sistors for a variety of purposes, such as 
strain gauges, volume controls, pressure 
gau-cs^diaphragm microphones or gramo- 

40 phone pick-ups and the like, where the sup- 
port ;s deflected in accordance with a change 
in a variable quantity and the change in the 
resistance value provides a measure of the 
rljjinse in the variable quantity. 

AS J*, nvenientlv, therefore, such a resistor 
n.av be incorporated in a device adapted tn 
subject the insulating support to medw ui:-:y 
force and associated with an electric cinnut 
for indicating the resistance value nf the ro- 

50 sister and hence the ma;jn;tude <:f <-ther 
characteristics (e.g. frequency) of ihe ap- 
plied force. 

What we claim is: — 

1 A multi-layer stock for the nwm nocture 
55 of electrical .resistors i as hereinbefore de- 
fined) or printed circuits containing them, 
which comprises an insulating support, at 
least one laver of electrical resistance 
material adhering to the support, and a layer 
60 of a lifchlv conductive material of invisible 
square area resistance adhering to the re- 
sistance material and in intimate electrical 
contact therewith. . 
2. A multi-layer stock as claimed in Claim 
65 1 Tn which the insulating support and the 



other lavers are flexible. . 

3. A multi-layer stock as claimed in C hum 
1 or Claim 2 in"which there are at least two 
layers of resistance material between the in- 
sulating support and the highly conductive 70 
layer, these resistance layers having such 
different chemical and/or physical properties 
as to render them susceptible of selective 

removal. . . _ c 

4. A multi-layer stock as claimed in Claim 75 
1 or Claim 2 in which there are three layers 
of resistance material between the insulating 
support and the highly couductive layer, the 
centre resistance layer having such different 
chemical and/or physical properties from 80 
those of the other resistance layers as to 
render the layers susceptible of selective re- 
moval. 

5 \ multi-laver stock as claimed in any 
one of the preceding claims in which the 85 
resistance laver adjacent to the msu atir.g 
support is bonded thereto by an insulating 

cement. . . 

0 \ multi-laver stock as claimed in any 
one of the preceding claims in which the r*- 90 
distance laver adjacent to the hiahly conduc 
tive layer is bonded thereto hy a condmtive 

cement. . . 

7 \ multi-laver stock as chinned in any 
one of the preceding claims in wind, the 95 
hiMilv conductive layer consists of metal foil. 

8 A multi-laver stock as claimed in < hum 
7 in which the* highly conductive layer and 
the resistance laver adjacent thereto consist 
of a bimetal strip or sheet, tlrs resistance 100 
laver comprising a thin layer of a metal 
which has a high specific resistance and 
which is unattacked by at least one ajier.t 
which is capable of removing the highly cm- 
ductive layer. 105 

9. A multi-layer stock as claimed in any 
one of the preceding claims in which the re- 
sistance laver, or at least one of the resist- 
ance lavers where there are more than one. 
consists of a " semi-conducting " substance. 110 

10 A multi-laver stock as claimed in any 
one of the preceding claims in which the re- 
sistance laver, or at least one of the resist- 
ance lavers where there- are more than mu-. 
consists of carlvn parii;-W in a binder Ho 

11 A multi-lay cr stock as claimed in 
Claim 10 in which the binder is elastic. 

10 \ multi-laver stork :»s claimed in am 
one^of Claims I to 8 in which the resistance 
laver or at least one of the resistance layers 1ZU 
where there arc more than one. consists t;f 
carbon or -raphite «.f n dense sm^U'-phase 

structure. . . . 

13 \ multi-laver stock as claimed m an\ 
one of the preceding claims in which the re- 125 
sistance laver, or at least one of the resist- 
ance lavers where there are more than one. 
is of reticular form and the resistance per 
square area has different values for different 
directions of the resistor axis. 1W 
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14. A multi-layer stock a.* claimed in anv 
one uf the preceding claims in which there i< 
a mesh or screen between the highly condnc- 
tive layer and the resistance layer adjacent 

5 thereto, which will protect the resistance 
layer at least underneath the lattice of the 
mesh or screen when an area of the highlv 
conductive layer is removed. 

15. A multi-layer stock as claimed in 
10 Claim 14 in which the material of the pro- 
tective mesh or screen is slight lv electricallv 
conductive. 

10. A multi-layer stock as claimed in 
<*lainj 15 in which the highly conductive 
13 layer consists of metal foil and the protec- 
tive inesh or screen lies in grooves formed 
in the foil. 

17. A multi-layer stock as claimed in 
Claim 14 or Claim 15 or Claim 16 in which 

20 there are at least two superimposed protec- 
tive meshes or screens the chemical and /or 
physical properties of which render them sus- 
ceptihle of selective removal. 

18. A multi-layer stock as claimed in anv 
*5 one of the preceding claims in which the in- 
sulating support is readily deformable and 
the material of the resistance layer, or of at 
least one of the resistance layers where there 
are more than one, is such that its resistance 

3V value changes when it is subjected to strain 
due to deformations of the insulating sup- 
port. * 1 

19. A multi-layer stock as claimed in 
Claim 18 in which the insulating support is 

^either inherently subject to significant di- 
mensional variations in dependence on 
changes of temperature, or is in operative 
association with a member which is itself 
subject to such dimensional variations. 

20. A multi-layer stock as claimed in 
Claim 18 which includes a bimetal strip or 
the like operative to bend the insulating sup- 
port in dependence on changes of tempera- 
ture. 

21. A multi-layer stock as claimed in anv 
one of the preceding claims in which the 
material of the insulating support is verv 
thin and has uniform dielectric properties 
make it usable as a capacitor dielectric 

5° known square area permittivity. 

22. A multi-layer stock as claimed in anv 
one of the preceding claims in which the in- 
sulating support is readily perforable to per- 
mit making electrical connections to the 
inner surface of the adjacent resistance laver. 

23. A multi-layer stock as claimed in anv 
•■me of the preceding claims in which there is 
on the side of the insulating support opposite 
to that which carries the said resistance and 

«0 highly conductive layers, a further hiqhlv 
conductive layer either alone or associated 
with at least one further resistance laver. 

24. A method of making the multi-laver 
stock claimed in any one of the preceding 

65 claims wherein the highly conductive laver 



40 



45 



to 

of 



consists of metal foil, which comprises ap- 
plying the resistance layer or lay-.-r- to the 
foil by a coating process and then *~f\:* : - * 
the coated foil to th- insulating support with 
the resistance layer nr layers between - ?iv 70 
foil and the support. 

25. A method as claimed in Claim 2i 
which includes heat treating the foil aft*-: 
the resistance layer or layers have been 
coated thereon. * 75 

2u\ A method of making the inulti-la\er 
stock claimed in any one of Claims I to 23 
which includes the final steps of exposing 
the resistance layer or layers in selected 
places, ascertaining the square area ivmsi-80 
ance value of these layers, and marking the 
stock to indicate the values thus ascertained. 

27. A method of making a resistor, ur a 
printed circuit containing a resistor, :r.»in a 
stock as claimed in any one of Claims 1 to 23 85 
which comprises selectively removing cer- 
tain areas of a layer or layers by treatment 
with an agent or agents capable of removing 
the said layer or layers while protecting from 
the action of the agent or agents those areas 90 
of the said layer or layers that are * : -.t- 
retained. 

28. A method as claimed in Claim 27 in 
which the protection is at lea*t parfly 
afforded by the presence of an overlvinir 95 
layer which is unaffected by the said asre-nt 
or agents. 

29. A method as claimed ii: Cl-u's. 28 
wherein the highly conductive layer ^f the 
stock consists of metal foil, wine 1 *, .wv- 100 
prises first removing metal foil only from 
areas in which the underlying re*Ntane*r 
layer or layers are to be removed, and then 
removing the unwanted areas of the resist- 
ance layer or layers by an abrasive treat- 105 
rnent. the other areas being protected fvc-Mi 
abrasion by the metal foil. 

30. A method as claimed in Claim 27 or 
Claim 28 in which the protection is at iea*t 
partly afforded by the application of a pro- HO 
tective coating prior to the treatment with 
the said agent or agents. 

HI. A method as claimed in anv one of 
Claims 27 to 30 in which the highly conduc- 
tive layer of the stock is metallic and is p- 115 
moved by an etching process from areas 
where it is not required. 

32. A method as claimed in any one <>( 
Claims 27 to 31 in which areas of cxpu.st -<i 
layers which are to be retained are printed 120 
over with an ink which resists the action "f 
the removal agent or agents. 

33. A method' as claimed in anv one - f 
Claims 27 to 32 whereby at least two la vers 

of resistance material or at least one l.tivr ..f 125 
resistance material and the support are im- 
posed in different areas, which comprise- 
first applying to the highly conductive iayr r 
a protective pattern which leaves unpro- 
tected the area of the lowest laver cr the 1# 
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Tapper* which is to be = J removing 

^ll^lS^fitaj^ overlying the 
t,V a olesUaver or the support, then remov 
said l0 ^ e6 *^C ° tec tive pattern to exposo 
5 i„g some o the P^tecm e p ^ ^ 

thC Ind finaUv removing the highly 
Sittt this now 5 unprotected 

n ar€ ^ \ method as claimed in Claim 33 i" 

which the P"ts oi • x "*£ . removal ate 
which are capable of sel «t « ductive 

^ f meihod as claimed in any one oi 

^^ d^rth^ or nth, 

-v diminution in the effective.^ 
i.',,. ",.r..t,ct:on. thereby -providing a .elatmlv 



gradual transition between a highly co nduc- 
five area and a resistance area at this place 

Claims 27 to 36 which includes fr.vm.ng holes 
or e?ges in the highly conductive layer dur- 
Sg the first removal of portions of this layer 
which holes or edges serve as registers to 
rstencil or printing appliance employed in 40 

aS ^m:UiTof2king a printed circuit 
suStanViaUy as herein described with refer 

from a muUi-layer stock as claimed in an, 
%0°T^ tO ™* Printed circuit when 50 
made bv a method a, claimed ,n any one ol 

Cla 4 i m Wesistor made from a multi-layer 
stock as claimed in Claim 18 and n.corprr- 
ated in a device adapted to subject the in- 55 
Satto- support to mechanical force and 
aSSted Sh an electric circuit : 16, ■jnd. 
catin" the resistance value of the lewstoi 
and hence the magnitude or other character 

Agents for the Applicants. 



PROVISIONAL SPECIFICATION 



i Plectrical Resistors and Printed Circuits. 

Improvements relating to Electrical ivc 

... 4U«, ,,;il ho eplf-evident to 



H--noLi» Vezey Strong and Tavl 

W 1 both British subjects, do Uereov u 
ehre the nature of this invention to be as 
invention ^tothemaiu, 
tnrtmv of electrical resistance 1 

on stiff or flexible n. d cin . u t * re- 

70 reSiS c Teither\nri etiti 1 Atngos. hu*K 
quired eithei in tne ^ flir 

strll ,, <;r t^an,fe (dele ^ 

sertion mto circuits <» u ,. onw -t- 

of the Printed circuit *^\;/ a ce alld „,c 

75ingooer.jyw.be ween wt {lll , n 

metal pattern of the c. rem.. de 

scribed fim> . t»c i" f or insertion 

sistances or «« ;^ f the {u „ y 
SO int.. circuits is onl> ^SSon of the re- 
described method foi -proa cd cif . 

sisl0 nces as Integra P the V ,ke. 

cuit. With lozenge re simple 
the metal patterr, , , , a p^«»U ^ ^ 



into here as they will be self-evident to those 
skilled in the art. once the idea of the 90 
present invention has been fully understood. 
P The invention proposes in its main specie, 
the production of a multi-layer sheet 
material, stiff or flexible, counting at least 
3 one highlv conductive metal layer, prefer- 9o 
abh a metal foil or an electro-deposited 
metal film on one side of the sheet of an 
™ct « resistance material in intimate eon- 
ta - with the above metal layer in the centre. 
I d of an insulating base on the other side. 100 
, I t ret Livers firn.lv bonded together. In 
"ad of one layer of active res.stance 
material, two or ...ore such layers of d.f- 
™ „ spooihY resistance value P« square 
area and different conipos.t.on. may be .sod lOo 
vit .out anv insulating layer separating hem 
ron lV .netal foil, or the resistance 
ma eri . avers fro,., each other. It * per- 
-I I . i.owever. to use- an insulating 
c "ent.nt hel^n "he insulating base and the 110 
film of resistance material. . . 

This multi-laver sheet material is the stock 
or a v material so to speak for the nrodue- 
t inn of the resistances at any desired place 
of a metallic pattern which at the same tune Ho 
forms the terminals of the res.stors as well. 
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ll.e process consists essentially „f p r i„ti„., 
a pattern on the metal layer of tin] s lock" 
for instance in an acid resisting ink diVsdv-' 

5 HI?; 6 n H tal tmd * ,,e 'distance film >r 
o h „„. on the non-protocted areas, then a"a n 

olvSnl" '." g °- n,a :' ,<in " " r differentlv d" s 
living the or.gmal two colour print to ex- 
pose the metal foyers over the re ista,^ 
areas only to the acid which will leave the 
10 (first) resistance layer unnttackod. J,? * 
c*...f „ double resistance lnver the proce- 
contmues by affording new protectionTtl « 
first layer on those pl n( . os (lf t| , e 
whero ,t oucht to remain and remove it o 
15 others l,y a solvent which does not attack th" 
underlying second resistance laver T : s 
method of differential dissolution ' as applied 
In the present invention has, of course, man? 

20 EE? S ° me ° f which be deal * *** 
The " active " resistance material used bv 
the invention ,s a thin coherent film or 
pattern which is coated by any suitable coat- 
ing process onto a carrier or laminated to 

material of importance to the method of the 

or fusible, and is conductive - not onlv on 

30 On T)T^ b - Ut a ° r0SS the t,,ick,,es s «s «el 
30 Tlie following are examples of this resist- 
ance material: A thin continuous metal fi n, 

L--rfn" 5US J aver of a "semi-conduct- 
ng metallic oxide or other metal-compound 
produced by vacuum deposition or a verv 

35 n^u£r t, °?r? itcd metal 0r chemic-Tli 
piodueed metal or metal - compound 

mirror such as a lead sulphide film, a 
film of a metallic colloid or fine metallic 
powders in a "binder - and most im 
40 portant of all. « film of ^trT^JTr, 
or graph.te powders or colloidal graphite 
.» a b.nder. While the fi, ms ° nf 
metal or metal-compound require deposition 

45 films containing the conducting particles in 
a b.nder can be produced hy coating, for iri 
stance roller coating, the carrier with a solu- 
tion or emulsion of the material the volatile 
agent hemg driven off. or evaporate* s„l,s,. 

«0 o.uently, or by coating it e.g. in a hot mxlt 
machine w.th the material nt a temperatmv 
at which the b.nder is liquid. It i« f urt | )e r 
possible to form films from „|„ llt half a th 

*»L ?■ « ' V t , h . e 1 know n m etl'ods of making 
plastic films which are self supporting with" 
out a earner and laminate these films to th* 
rarrior. for instance by heat and pressure or 
m the case of an insulating carrier, bv the 
60 use of an insulating adhesive, and in case of 
n metal foil corrier bv n C0D<Juctive adhe , ive 

active" resistance material need not 
necessarily consist of an all over coating or 

«c ni™,-- J f 0 ." be 8 P"" 0 ''" consisting of a 
65 network of lines straight or curved, thin or 



Ihe binder is , s |„ e . tubto 

Sieved % n.r5 r tern,D S Presses em- 
pjoyea. ut particular importance i« th* .« 

For tbo* .pplieations where » , yfS 
m . tu.i laver laminate of twr> re»i,l„, r . n« 

. I er of , e « h ~l«rial .,|„«I be 
second binder generallv need not i„ ,| !ll5 
hinder. P atter n'nS P-ocess as the fir,, 

binders f 0 " 0 "''^ exa,n l ,,w of • <! » i ^ , ' , •• 
P-of by heating toX" 'fe C ,matT. 

onto c ;; o P rfor.) res,staDce fii '" ^ 

Ce£ie. aC,d S0,Ub ' e reS '"" S «« 

Sodium or ammonium fllmn.tp o j- 
carboxy methy! cellulose "film. 
soluble by acid, and remaining ifo 
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alkalis (not favoured). 

Resins such as Shellac or Vinyl Acetate 
heing soluble in alcohols but not soluble in 
aromatic hydrocarbons. 
5 Synthetic rubbers e.g. Neoprene ur resins 
such as styrenes being soluble in aromatic 
hydrocarbons but not attacked by alcohol 

Cellulose Acetate or Nitrate, or Polyiso 
imtylene based adhesive mixtures can be 
10 used with Acetone as solvent ; Silicune rub 
hers and non -thermosetting adhesive resins 
Polyvinyl chloride, etc., make quite suitable 
«oluble binders of relatively hU;h temp- a 
ture stability while modified waxes, poly 
15 thene, etc., are examples of fusible hinder* 
applicable only for very low wattage loading 
of the square area. 

Although the above list is by far nut ex 
haustive it can be seen that quite a numbei 
20 of substances can be selected as binder: 
which comply with the requirements out 
lined above more or less fully and quite t 
number of binder combinations are possibU 
which would permit of the differential dis 
25 solving of films formed with them. 

As seen from the above list as well, there 
is a wide range of active resistance material? 
which can be selected. The principles guid 
ing this selection are manifold; some are 
3q quite obvious such .as the necessity to use a 
more flexible material when the insulating 
base and/ or the carrier is itself flexible or be 
bent over a smaller radius than is required 
when the material is on a stiff base or carrier. 
35 Another obvious selection point is the 
specific value of the square area resistance 
required for the particular resist cr. The 
materials consisting of carbon in a binder or 
lead sulphide films or films containing s*> 
40 called semi-conducting substances are gener- 
ally more suitable for high ohmic resistances 
than films made by vacuum — or electro- 
deposition of a metal either pure or alloy. 
The wattage loading per square area of a 
45 silicone bound carbon film carried on a sili- 
cone impregnated fibre cloth base will !>:• 
very much I uglier than the loading permis- 
sible with a shellac film ou an impregnated 
paper base and consequently the resistors 
50 can be made very much smaller with the 
former materials than with the latter. 

As the hinder has often also to act as a 
cement between the conductive metal pat- 
tern made of copper foil for instance, and the 
55 insulating base, it must be suitable as a 
cement to bond these two materials, or it 
ii:ii<t bond to the coated metal foil and the 
insulating base or he easily cemented by an 
ordinary adhesive to the insulating base. 
60 The application where the noise level 
matters, the formation of the conductive 
particles in the film is a selection principle or 
an indication to use a metal or metal-com- 
pound film. 

85 In a design using two overall coats of re- 



sistance material the resistance of the second . 
coating to the chemical used for the metal 
patterning process is less important than 
that of the first coating, while its resistance 
to the solvent of the first coating must be 70 
very marked. This is a further guiding point 
in selection of the most suitable combination 
of materials, and explanation of the wide 
variety of materials desired to enable the best 
choice to be made for each application. 75 

Having now given an account of the type 
of resistance materials used by The invention, 
the method of resistance manufacture will he 
described in the following mainly by way of 
examples. * SO 

For this purpose it is advantageuus to 
make reference to some specific procedures, 
solvents or other substances which are used 
in conjunction with the materials selected for 
the examples. They would be modified ui 85 
replaced by others in case other materials 
were selected for other specifications of re 
sistances to be produced according to the in 
vent ion and thus in no way restrict the scope 
of the invention to the examples described. 90 

The first example will be the production ol 
a circuit containing only resistances of such 
value that all can be obtained from one layei 
of resistance material using only the aspect 
ratio and the terminal position and terminal 95 
width to achieve the different values re- 
quired. 

Out raw material may . be made up as 
follows: A copper foil is roller coated with 
a mixture of colloidal graphite or carbon in 100 
water and bichromated fishgiue which is 
dried in light and then heated to about 
350° C. so that the glue film is " burnt " into 
the copper foil and has become insoluble in 
and unattacked by water and acid such as 105 
iron perchloride. It is firmly adherent to the 
foil on which it forms a conductive coat oi 
great flexibility if the right type of glue was 
used. For still greater flexibility various 
plasticisers are available which are mixed no 
with the glue prior to coating. 

The coated si ie of the foil is now cemented 
to an insulating base, say to an insulating 
paper using a synthetic rubber type cement 
soluble in acetone. We have now a flexible- 115 
multi-layer sheet: a copper foil-insulating 
paper laminate with an interleaving layer of 
a carbon-filled glue film in direct contact and 
firmly adherent to the copper foil. A mil of 
this laminate is calibrated by cutting out 120 
test pieces at various selected points of the 
length and width of the laminate and print- 
ing and patterning the test pieces to a stand- 
ard design, hut employing the same and all 
the methods and means and timing as are 125 
used for the circuit manufacture which will 
be described presently. If the resistances of 
the test pieces are found to be of suitable 
performance, their value to be sufficiently 
uniform and originating from a sufficiently 130 
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«'.n c°n S T' ^^^^^^ 

***** with the silv nt 11 ; 7,,,^ ""-kg «>'e 
foil «. n areas B and thai , The " ,eta l 70 

foil on area. C , of „ * e ° ,,d the "»etal 
resistance fihn a,, reS ' St t0 P rotect 
»'««! ft, I f „ n a i T le,,t , ""derneath thl 
u*ed so far B ,t - "J 1 ^ 11 * 8 or »»t«K s 
free of n.et ,1 ,/ ° H ' ,,ave "" =>reas \ 7S 

« b ;'.'e metal foil over area' B Ki,S C ,lnd 

tl- Icid'VS' -i«h 
removes tl e n,o2l fo P etcl,lorid e. « hich 80 
leaves the re"u ! ' fi ? rer J l ? M B bu * 
stacked and^ £ " shii" 1 ^f glUe) u »- 

(»o overprint. ' oM„r J *M fi f St ^ty 85 

— "blank n»"t.| feStJcS 'i ^ 
printed as in th,. « , . rn - If M "e have 

ink h as descr fc ir "'V' Vanet * - (i,lk over 
"Inch ii cSftj-jSkV mCtal P att -» 
terminal and col 6 e f "P* on 'he 90 

metal is I a„k n, "ft* ° f C where th e 
has protect ink fontf procws il,k * 
the influence of h T er P rint ed areas 
alkali. I„ all c " so M 6 S °' v f nt of or tla- 

'ntnnate contact „^ , fc h * c ' ,s "»«»?* 
coated on and burnt t ^77 cai;e !t is 

thus the problem of -'r metal foil - a »d 
nietallisin^Se" d P" ,VK,ln ? tenninals bv 
eliminated 0 Furthennorll 7?" tance fil 'n is 100 
provide.) which areth^S, 0,1 term, ? n,s are 
eess so that the lest ffior^h Pr "? tin " pr °- 
ea" be arranged ver J* th «e terminals 
"•••'.V have in«ea d of thf Ven . ,e,,t '- V - Thev 
border bet»reen JermhS "T* ? trni 8 ,u Une 105 
« ^rrated one v th " " fl r! s,sta »« film, 
'netal protrSng' to " ^ fi h '" to »8«es of 

Prh.tingailScn'Kr'i'i^ 1 ^^^^^^^^^ 
cJimrent to,,,- vahuC Z ' , ^^0ttl "•-■ 
""Under. This tSni a " r:,v,,lv 

'■!■»»«"„ t ?i m.•t:^ t ,^:ctT;; tial:v,,5 

sistance terminal gradua l i " t,,{: ' V - 
tl.oaci.l t |K.nearo r g o„, '7, reS1S ?'"S fo 

area. That c m, i. i " ■ to tl,e reMstaiuv 
ous tone pi ,,5'i . " ' H "° ''- v ,,sin « "mti..,.- 

Si™ the v'r i ", ° f l,,k "'^..oss 

•elying-on he 1 1 X''! ! "' 0n 1 S ln ^ ,csfi< " : 
half-tone of h e A,,,* ^T' , 0r bv 3 ki »«' <> f 
f over h.I /''s?^, [" 'f^"""? « 25 

dissolved neithpr « , u ' h en ink /, is 
half-tone' pattern of "* * undc ™eath the 
this area is remov^ " 0r / he metal ^il in 
time of he treZel COm P lete, y during the 
or »«e treatment in solvent and acid the 130 
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or cvoii 
:v:is C ami 

liizain with 
■ride, which 80 
:V:iS B but 
-hglue) u n- 
\\ water re- 
oeuzene. 
r.r$t variety 85 
we have 

If we have 

ink c over 
rial pattern 
oi pt on the 90 
t where the 
-•vess ink c 
minted areas 
: of h or tlu- 
:i:torn rests 9o 
w \< in most 
i> case it h 
toil — and 
orminals by 
;ince film is 100 
•rniinals are 
printing pro- 
■=o terminals 
,::iy. They 
^v:iij:ht line lw 
"stance tih>». 
: tongues of 
-tance area, 
i-ii the ton 
pivf erred t« 
:ivd> the 
u-ehniqur in 
i for gottini: 
..j a ^ravuiv 
i.l fssciitinl'v l l5 

of till' » v - 
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ih,- resistanri' 

u; :i c.intinn- 
-ti as pravuro. 120 

ihickur^ *" 

• uv n*M uu y ^* 
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bv a kind of 
overprinting 12:> 
hen ink /» i> 
di-rneath the 
metal foil in 
v during the 
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— : ; ~~. _ rtthprs a resistance layers in intimate conductive con- 

degree of dissolution being amon others a res«s ^ ^ ^ Tak . Qg , 

function of the density of ^ £ as suffici ent for the circuits in question the 

the printing is done pho WP^J^bJ. two films must not only have the required 

dmary pho^ square area ^resistance ^ / ^ 



5 ^aS^tmSuie. the perrneabihtyof this 
Sf.» to the iron perchloride and *u. the 
degree of etching of the copper foil. The 
eaS with wUeh it is possible to provide a 
,n terminal upon and in most intimate eontac- 
10 SS the resistance films consisting of ineta 
Toil for deposited metal as shown later) 
Sich niay have a fork and -edge shape or 
both is a particular achievement of the 

,5P T^to , 3"«» Fating and etching 
nrocedure makes it unnecessary to use 
Sal inks of different solvent charncter- 
Sric* an.l enables the removal of the coat- 
on »~ (resistance film, cement) of area A to be 
one drastically, for instance by ass.st- 
^ the chemical dissolution with swabbing 
or'Jeiule scratching. The scheme is the 

2 c £ °Fi?a : print with acid resisting ink U 
2 made on area B and C without distinction 
Keen B and C. and the sheet is etched so 
£ the metal over area A s eenpteteh 
I ,.,>v,,l. The solvent of the ink and of e 
30 c u.cm. bonding the resistance layer to the 
h,' atin- base mav be the same. This sol- 
ve. with or without alkali, is now used 
ureferablv with assistance of a mechanical 
Kabbi. faction to remove all the resistance 
35 fi , i and cement from areas A as we 11 as the 
35 ?„k from areas B and C. The sheet is ^ 
coated all over by printing, P«»*»g 
„,.. with an ink, lacquer or other 
cent on areas B which at this stage are kept 
40 S by a stencil or kept protected from 
*° "e n? coated by the use of a su.table print- 
in- plate or printing procedure. Gon»e- 
nuenth the foil on areas B remains bla»k_ 

«»>v etchin- again. Tf desired the ink oi 
5 Hcquer on alf areas A and C may be dis- 
ced and a new lacquer coating applied * H 
over the sheet leaving bare the metal ter- 
minals and connection points of area 
SO The result of the procedure ... any of the 
variations described is a printed c.rcmt v. tl 
a metal foil pattern and integral resistor, o. 
Jy value which can be derived from a single 
JSrtaucc coating- In very ninny cases tin. 
SS r . nee of values will not be sufficient and t«o 
or even more materials of different square 
Zol resistance value are needed to enable all 
Xe various resistors or most of them to be 
obtained The present invention provides fo. 
60 ?Ws requirement by creating two or more 
SyerTof such materials on the same earner. 
onoTaver on top of the other. The raw ma- 
f^al for the circuit production accordingly 
^JTi^Sc^ a -et.l foil an 
65 inaulating base sandwiching two (or more, 



square area resistance values r, and r, but 70 
also two solvents s, and 8 : , so that layer r, 
is not attacked by solvent s, and layer r, (or 
an ink or lacquer or other film which can be 
coated over r, at a certain stage of ^the pat- 
terming process) must not be attacked bj 75 

i0 Aroutlined earlier on in this application 
there are quite a number of resistance ma- 
terials which can be selected to form such 
double layer resistance coats. Burnt-in car- 80 
boil fined fish glue, with any of the synthetic 
resin bound carbon films, will give a work- 
able combination and so will metal or metal 
compound films with films using an organic 
binder. Anv fairly different pair of material,, 8a 
will be worth considering subject to the other 
requirements mentioned. Recently a serw* 
of thermo-setting. therino-plastic and elasto- 
ineric variants of new conductive materials 
called Markite conductive plastics, ha\«. 90 
been brought out with a conductivity range 
from that approaching the resistivity of mer- 
cury to that of high-conductivity rubbei, 
Boron and above. (See - Electron.es. Oc- 
tobor 1949, page 96 to 99 inclusive. 1.UC 
Ironies " isa McGraw Hill publication, Mc 
Graw Hill Publishing Company _ Inc. 33 > 
West 42nd Street, New loik J. -S.A. Lon- 
don office : Aldwych House. Aldwvch, Lon- 
don W C 2.) Thin films or coatings (lac- 
quers, varnishes or cements) of two differ- 
entiallv soluble Markite plastics or of a Mar- 
kite plastic material and another resistance 
layer of the previously mentioned type are. 
5 course, also possible combinations for our lOo 

P °Di°ressing for a moment from the example 
under review it is worth noting that the 
raiwe of Markite Plastics as pub .shed in 
the'above reference offers a remarkable se- 
ction for single as w,l! as multiple resist- 
nice lavers. . . 

' When tin- present supply situation alters 
these materials miizbt U-come the preferred 
materials for makin- the active res.stance 11d 
Svor* of the invention. They are to be 
treated when us.d as resistance layers, m 
the same wav as the carbon tilled res... films, 
described extensively in tins application 

Furthermore, highly conductive adheMM^ 120 
could be developed from Markiic l-last.c. 
which could be used to cement or laminate 

or-as St is c,aimed in U,e refcrenCe S A 
above even solder-a thin self-supportm^ 
film of resistance material or a resistance l2 S 
laver produced on an insulating base bv coat- 
ni he insulati.ig base to a metal foil pro- 
l"ded alwavs that this adhesive has a solvent 
vh ch does not affect the resistance layer or 
that it can be fused oS. that is removed by 130 
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heat or l,y a heated tool like the fusible 
a of . 1 0, ' r n »l'plication No. 10023 of the 
15th April 1947 .Serial Xo. 639.658), fron 

5 fen ?S ' S ^ n T ' i,yer at " temperature no 
5 affecting the latter. 

For our purpose such a highly conductive 
adhesive layer is to be considered as if it w 
a Part of the metal foil. It serves to 

10? !" ^ T b °" fl between »»«al'foil 

Wh , filnw ," ,,t 1 P^«ceH on the foil itself. 
Ul..-nexer n.icl wherever the metal foil is to 
>>e removed fron. :,ny area the conductive 
cement must he removed as well. Be', rd 
15 m.. the use of the conductive plastic for 
metallising the resistance layerbv other 
means than a foil and as a printing" in? see 

20 „?*• Ule two exam P ,es t<> he described usino 
20 superimposed resistance layers in intimate 
conduct.* contact with each other and X 
foil, we select a thin lead-or lead com- 
pound film and a carbon filled neoprene as 

25 fin!/ 8 '.' ,? lesist T nce film * a " d a P carU, 
23 filled she lac-and carbon filled polyvinyl 
chloride film as the other combination" * 
in the first case the copper foil is firct 
electro-plated with an extreSf thn lead 
film and then roller coated with a carbon 
30 failed neoprene solution. (I„ case of a meta 
compound being wanted as resista-.ee film 
he thin metal plating is chemically trans- 

afte. plating; for instance into the metal sul- 

S^a^iT tiDg f tHe P lated <* H«e foil 
with a solution of sodium sulphide. A film 

for example, and constitutes a suitable re- 
40 « ,8tan « »yer-> A pure (insulating) neoprene 
40 cement ,s coated on the insulating base and 

in .,ll°r Ie , C ° ated f0il nnd the ««Snt coated 
nsulating base are laminated together. The 

* W Pr ° Ce , UFe nscertai "ing the resistance 

45 ,W M "? h,ered ,S ' in P r, '™Ple. the same as 
45 described previously. 

is malT « i,terinl f ° r the !S ' ?con(, ex«m,>lc 
;i b ^ fi ™ ~"t.ng n carbon filled sl',1- 
Lie solut.on all over th e copper foil, for in- 

50 v e f ,M ! n ", S -° f n "P" 1 ^ coating de- 
m fi ^''f^" 1 *' 1 ,n °" r application Xo >00 
o he 17th March .049 .Serial Xo. 690,696, 

wnrl- f'V rulmR onto tl,is «*<«"« a net- 
work of lines with a carbon filled polyvinyl 

55 Sngtr'" CCme,,ti,,S f0il to •» '■-»■ 

iJi! 1 L? e M Iac , :,nd the p v c so, " tio ^ «>•«■• 

n^k-e fvi ih| d3 "r COntrasti "! colours lo 
make a visible distinction of both coating 

fin , nC ^'° rk 0f ,ines sho "s a very fine re' 

n in h th VCry fre<, , Uent Cr ° SSiD " s oj : but 
' t s in this case des.gned to result in the 

L q "! i r t% area »- eS,StanCe be, ' n ? differe nt for dif 
m[£ d, ' e £ t,ons o' measurement, thus per- 
m.ttmg different values to be obtained for 
65 any res.stor made from this material „ot 



0"Jy by variation of the aspect ratio or ter 

end K 0ngt , h B ? d *°« tioa <>» the resi,£ r 
end>, but also by the direction of the re 
sistor length relative to this network of Lit' 
These values are additional design data m 
porta,,. : fa- the design of any pa«en "o ,t of 
the material and are empirically determined 
.wS'f niea i ure,neut * on test circuits pro- 
uced from the material jn exactly the same 
»■"> as the normal circuits. 
Reverting for a moment to the network of 

ZZ T lCe !" ,es . forn " n S « close interseeti.... 
repeat pattern ,t has been mentioned that 
tne pattern can be made bv ruling Rui;,.., 
machines, both of the disc- or°" P en- , 2 
» h.ch draw parallel straight lines longitudi * 
alb and across the foil, may be used, the 
spacing of the Hnes in each direction bein» 
liferent ,f a different value of resistance Q 
desired for Afferent angular position of any 
resistor made out of the sheet. The. pens 
may be the ordinary ruling pens or ball Lis 
using the offset capillary coating method (see 

™<Z? lC f° n ?° 7299 / 49 ) ( Se ™' No 
690,696;. Straight lines, however, are not 

the only ones possible. The pens may ^cil- 
ia e or be moved in circles or be guided 

cu ved'r S ° thUt , ,VaV - V ' CVCl0idal ~ other 
curved hnes are drawn, or the patten, may 

be printed w, h any design of intersecting 
Inies The ruling of the groups of straight 
paralle lines at right angle or any a,vde°to 
each other usualh- requires two Jteps" the 
other inethods mentioned require in prin- 
ciple only one step. 1 

Describing the procedure to produce the 
printed crcu.t with integral resistors out of 
the multi-layer sheet prepared, we conveni- 
ently again denominate the areas from which 
finally all metal and resistance film-and if 
desired, the insulating cement lnver as w'e.M 
-has to be removed as A, the areas of the 
pattern where meta] foil (and solder and 
conductive adhesne if any would have been 
•wed) remains on top of the resistance layers 
to form the highly conductive part of the 
circuit as C and the resistance areas as R 
and B B, are areas of resistors ,.f !,,w. i' 
value of the square area resistance, are 
covererl by both resistance films B :irt . r <- 
s.stor areas of higher value of the" square 
area resistance and are covered bv the second 
resistance film only. I n case one or Iwth 
resistance materials are coated, not uni- 
formly all over the foil, but in a directional 
pattern, the value of all resistors depends not 
only on the size, aspect ratio, terminal 
length and posit.on. but also on the resistor 
d.rect.0,. that is the angle of the resistor 
axis to the foil axis. That goes in our ex- 
ample for B, and B s , but of course the di- 
rectional variation of B, resistors is very- 
slight while B. resistors are influenced bv 
the full degree of directional difference of 
the pattern. 13O 
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The raw material of the first example is, 
us already mentioned, a multi-layer sheet 
wherein a lead- and carbon-tilled neoprene 
Him is sandwiched between a copperfoil and 
5 insulating base, the two resistance films 
(lead and ** conductive " neoprene) being in 
intimate conductive contact with the copper- 
foil. (No conductive cement was used : the 
k;id was produced on the metal foil directly.) 
10 The design covering areas B,, B 3 and C 
are first printed on the copperfoil. We re- 
strict ourselves here to describe one printing, 
etching and dissolving sequence : others will 
be easily devised when the idea of the inven- 
15 tion is fully understood, for instance a multi- 
colour (three colour) printing — an elabora- 
tion of the two-colour printing method \ised 
previously. 

In our present example we use again a 
20 printing in two colours, namely a printing 
using two inks with different solvents, one 
overprinted over the other. For the first 
example we select a bituminous ink which is 
printed over all areas B and C. The foil is 
25 then overprinted with a shellac ink which 
covers all areas B, and C. Consequently 
areas C are covered by both inks, the bitu- 
minous underneath the shellac in, areas 
B, by the shellac ink and area* B, hy the 
30 bituminous ink only. 

After printing the sheet is etched either 
chemically, for instance in a nitric acid solu- 
tiou. or electrolytically by being made the 
anode in a suitable copper and lead sulphide 
35 dissolving bath until all metal (copper and 
lead) or metal compound (lead sulphide) on 
. the areas A is completely removed. The 
acid or electrolyte is chosen so that both 
metals or the foil ami metal compound is 
40 soluble in the bath. The etching uncovers 
the neoprene film which is now removed for 
instance by benzene. This solvent will also 
remove the cement on areas A and the bitu- 
minous ink on areas B 3 . The areas C and 
45 B, remaining inked as the shellac ink is not 
attacked by benzene. Next the sheet is 
etched again as before in the acid or electro- 
lytic bath with the effect that the metal 
(copper and lead) and metal compound (lead 
50 sulphide} is removed from areas B 3 leaving 
the carbon filled neoprene film on these areas 
una t tacked. 

Next the sheet is treated with methylated 
spirit in order to remove the shellac ink from 
55 areas B r The shellac on areas C is inci- 
dentally removed as well but areas C remain 
covered by the bituminous ink which is not 
attacked by alcohol and so far was protected 
from the benzene used previously by the 
€0 shellac printed over it. The areas B, how- 
ever, are now showing the copper foil bare 
and the task of the next step is to remove the 
copper without attacking the lead or lead 
sulphide underneath and, of course, without 
65 attacking the neoprene film on areas B,. 



This task is achieved by oiching (stripping) 
the copper anodically man electrolyte which 
does not enable the lead or lead sulphide to 
go into solution. In case of a film of lead 
lying underneath the copper the electrolyte 70 
can be the usual acid copper bath consisting 
essentially of copper-sulphate and sulphuric 
acid in a weak solution. Lead sulphide, 
however, would be attacked by an acid and 
a neutral solution of copper sulphate kept 75 
neutral by the addition of calcium earl*>nate 
or any other electrolyte suitable for copper 
dissolution but not attacking the lead sul- 
phide must be used. It is possible also to 
start the copper removal in a very efficient 80 
quick acid or cyanide bath until only a thin 
copper film is left, and transfer the sheet 
then for final copper removal to the slower 
bath which has no effect on the lead sul- 
phide. Thorough washing is. of course, re- 85 
quired after nearly all steps of the process 
which is now virtually completed. Usually 
a protective lacquer for instance a nitrocel- 
lulose lacquer, or other coating, is finally 
6prayed or otherwise applied over the whole 90 
sheet except on some areas of C which are 
desired to show a bare copperfoil. Such 
areas are contact areas, connection points, 
etc. During the spraying of the nitrocellu- 
lose lacquer these areas of C are masked by 95 
*\ stencil and, consequently, when the sheet 
is treated again with benzene — a non -solvent 
of nitrocellulose but a solvent of the bitu- 
minous ink still covering the areas — the 
copper foil is cleaned from the bituminous 100 
ink on these spots. 

The second example differs from the first 
only by the use of different resistance films. 
The fact that one of those is not an overall 
coating but a pattern is influencing the de- 101 
sign of the printed circuit pattern, not the 
processing steps as such, which however are 
conditioned by the different solvents re- 
quired for these resistance materials. The 
same sort of printing method as was used in 110 
the first example — with different inks — could 
be used again, but in order to avoid the use 
of too many sharply distinct solvents and 
for the sake of using this example to show 
more varieties in the way the present inven- 115 
tion can be carried out, another printing and 
dissolving sequence is preferred and de- 
scribed which is analogous to one described 
previously for a sheet with a single resist- 
ance layer. - 120 

First an acid resisting ink or an ink resist- 
ing to the anodic treatment of the copper- 
foil in an electrolyte, for instance the copper 
cyomide bath, is printed on all areas B,. B, 
and C and the copper foil is removed on 125 
areas A by chemical or electrolytic etching 
completely. A bituminous ink will be suit- 
able for either etching method. Then both 
resistance films and the cement on areas A 
are removed by treatment with a common 130 
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solvent such as c.vcbh«,.„ olie . which also 
removes the »k from the eopperfoil on arts 
«... B mi. ( . bn-Mbbiiif. lllllv , 
assist the dissolution. ■ l " 

5 The sheet is mm eoated with :1 S | K .||. |C 
lacyuer all over except ..„ areas ]>.. „,,, V 
where the eopperfoil is | efl U:Ih j. 
Olank foil is subsequently reuiove.l bv diem". 
c..l or electrolytic- etching .,.„] „ ..itroeel . 
10 lose lacquer applied .,11 over the sheet exc ■ t 
on areas B, and those areas of C (comae 
and connection points) which are desin- t, 
remain p.-rnnmently blank. The,, the « eet 
is treated with methylated spirit wh icl li 
15- ves the shellac lacquer wheil i t ' t 
coxered by the nitrocellulose lacquer md » 
carbon filled shellac binder <,f the fi"" '. 
stance layer on areas B s . If desired areas 
B s ,„ay finally be coated with a protective 
20 acquer or instance a nitrocellulose lacquer 
by stencilling. 

By suitable variation of this stei, In- 
step procedure, solvents may be used which 
d.ssolve two or more layers simultaneous™ 

ne r JhTn a r e s P-t ^ded to £ 

perchlor.de would attack the copper and the 
shellac binder of the first resistance lave,- 
„-,-:> iT* W,th th , ree resist «»ce layers* sand- 

30 n itf rr e ': th t copper f ° n ™ d - 

JFj*T,f f g,ve a stil1 u ider 

of lector values, but also ease the differed 
a solunon of the layers if the central re- 
s,>tance layer ,s very different in solubility 
from the two others which can be ,,f* 
35 s. :! ,lar .„• identical solubility character. \ 
ead sulph.de fil,„. for instance, as central 
layer between two shellac bound carbo 
films would enable a step by step procedure 
us,,,;; acid and methylated spirit as oi v 

°al oh"!* Tlr Ul T hil S0luble « no- 
alcohol soluble acid resisting ink or lacquer 
as masking medium. The metal compound 
Mm would protect the second shellac bonded 
him from the alcohol when the first shellac 
45 binder is dissolved, the acid dissolving the 
metal compound without attacking the shellac 
bmder or masking medium. The central 
layer can be produced electrolvticallv on a 

50 itself b } first plating a verv thin | : , vor of 
metal on the carlK>„ coated foil and "trans- 
forming this metal chemically into the met-,1 
compound, ami. if required": repeating the 
process until a sufficiently thick Inver re- 

55 suits. It may l»e formed by other method as 

The production of the multil.uer sheet 

60 How""' w, . th . n fuil «T »«>e preferred n,cthod 
60 Houever ,t ,s poss,ble to start with the in- 
sulat.ng base, coat this base with one two 
or more resistance layers of the snmc'tvpe 
a> desenbed and fi„ a || v electroplate the*c 

65 2"" a™? With C0|, P er or " ith mother 
«» h, ? hly conductive metal arriving at a theo 



•'•stead „f the metal foil. Or one coil 
vacuum deposit the high conduct * T « ' 
la er on top of the resistance film , r fi , 7o 
■'".'1 reinforce it. if desired, bv platin* The 

P T , < K ' scr,lj ed would not be altered 

« t* £ fo 7 ,lese ^ of »«■ « 

vue L « , " fer,or / to «•« Pnfferre.1 foil 75 
£P*. Bx the use of a highly conductive 
cement such as made of Markite ej 
1 1. >t,c material, or of very fi„ e silver ,,.,„-. 
e n, a conventional adhesive an improved 
i It.laver sheet .notorial could be obtained <?» 
"'though ,ts production does not start-V' 
is pre erred-by coating a foil with resist-' 
mice layers « r by cementing a foU-bv 
"•eans of a conductive cement-to a self, 
supporting resistance layer or to resistances, 
Inver or layers coated on an insulating bZ & 
That improvement arises through coatm/i' 
conductive plastic on to the resistance aver 
produced on an insulating base and then 
e ectropla ,ng. or solder painting, this con o 0 
ducting plastic layer. This should o ive \ 9 ° 

pattern C and the resistance laver than 
would be achieved by straightforward mehd 

s,ng the resistance coated insulatin-r base 9? 
nVSfs. the ^ tM ofmet-dHsmg 93 

If and when a good conductive printing 
ink ca» be obtained or one made for in- 
stance out of the new conductive plastics 100 
the first step of the process of the indention' l °° 
(etching the metal off areas A) can some 
tunes be saved as the pattern C enn th eu b e 
printed directly on to the resistance coated 
n-sulatmg base consolidated, and the cHffer ,05 

work inT,? 1 SC,,eme ° f * he iHVention "I* 
•mo I B r «.sta„ee layers on areas A, 

t th ' S °? e , °. nlv !l Pi,rt of H * r «" ""»• 
ter.al prov.ded by the invention is used no 
namely a multilayer sheet consisting o It! 
or more differentially removal^- resistance 
avers on an insulating base. Areas B mav 
be pr liu , u , th tIu . sjinu . eoiuIiicti f i .".' n ' j; 

«h ch is then remove.1 as was the foil in the 1 15 

marked w,ti, all Insu|;|til , • 

. .fferent,.! reinoval of the resistance laver, 

t£ l! ' S S e S 't P rocedu ^ as «.«tlined in 
the examples. 1h e printing with the con- 120 
ductive ink may b e done not directly on the 
re, stance layer, but on a temporarv *„,.. 
poit and ransfened to the. resistance laver 
"Ke an ordinary paint transfer 

The many possible varieties of the carry- 125 
■ng .out of the invention permit of a sdec- ' 
t on of the most suitable variety f or each 
class of application. Printed circuits con- 

fo ?iL reS f ^ P refL ' rab b- done from , 
foil laminates with a directly resistance- 130 
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r .i:iiiil foil. Conductive cement is prefer- 
used when the resistance layer has to 
'nroiluceci on an insulating base first, or 
,.:ilv sueh material or only extruded or other- 
5 \\ \<v formed self-supportin« resistance films 
. iri . nvailable. It is also a good alternative 
i.ir the production of lozenge resistors 
'label--, strips, delcaleomanias). Iu such 
r; t-es. fur instance the other metallisation 
10 i.'».-iIio:Is— :is distinct from metal foil — may 
:«." used notwithstanding the general prefer* 
,.„,,. for tin- foil variety. If and when tht? 
promised and claimed improvements in con- 
ductive cements and conductive printing 
15 inks become commercially available the pre- 
ferred field of these other metallisation 
meth.xls will be widened. 

One feature common to most variations of 
the method of the present invention is the 
20 necessity to print, stencil or otherwise treat 
the sheet or a part of same in register. It is, 
of course, possible to use any of the usual 
methods of register printing to achieve the 
desired result/ but it is preferred to utilise 
25 the etching step to make possible a mechan- 
ical registering of the second and any follow- 
ing pruitiiiir steps in relation to the first im- 
print. This is done by providing holes or 
.>d<res in the pattern areas C which are 
30 printed as the first stop at suitable points 
of the pattern so *hat the foil is etched away 
at these holes <»r edges in the etching step 
which follows the first printing and then use 
these holes in the foil to register mechan- 
35 icaliv the printing plates or stencils for the 
printing or coating operations which follow 
later. "The " step by step " procedure de- 
scribed previously is very suitable when tins 
mechanical registering is employed. 
40 The whole description of the invention 
has, so far, referred to the layers which are 
sandwiched between the metal foil and m- 
sulatmt: base as resistance-layers or -films 
uu<i it has been mentioned repeatedly that 
45 these laver* mav consist of metal cmi- 
,,.,v.nds. " The example of a lead sulphide 
was ijiven for use as an ordinary electrical 
iv.M-ianiv bur it is desired to emphasise here 
; m m points : 

50 (a) A L'reat variety of such compounds 
ran I.- formed and reference i* m;.de to the 
artieh -f K. Mehl. lMi.D. ** Separatum 
Film " and the list of references jjiven in tins 
article which appeared in Vol 74. No. 14. 

55 pa-es 268 and 269 of " Metal Industry " of 
ih/stb April. HMO (published by The T^>ms 
i'.^'wr Co F<td. ( Dorset House, Stamford 
Street London. S.E.I). The metal com- 
pounds mentioned there (oxides, sulphides 

60 chromates, iodides, selenides. etc.) are used 
for a different purpose to that of the present 
invention and the method piven there for 
producing such compound on the metal sur- 
face (the foil surface in our case) is not the 

65onlv one— vaporisation for example being 



another. The article however illustrates the . 
>:reat variety of films usable by the inven- 
tion not as separating lilm> but as resistauee 
layers usin*: ** resistance " in the sense out- 
lined below. '0 

(h) Some of these metal compounds are 
not only, or not so much, the basis of ordin- 
ary electrical " ohmic *' resistors but < ! a 
number of devices using the sem icon due- 
tivity and or other special properties of 75 
these compounds -when they are placed be- 
tween suitable electrodes ; md sometimes 
protected from outride influences, for in* 
stance by a lacquer-coating as described in 
our examples. The distance and shapes of 80 
the electrodes, the circuit connection-, 
voltage, current, temperature, conditions, 
etc., required by these compound films h>r 
their functioning as rectifiers and diodes, 
transistors, li*rht sensitive cells, thermistor-. 85 
etc., an* no concern of the present inven- 
tion. For the purpose of the invention thev 
are " resistance " films but it is understood 
that the scope of the invention \< not re- 
stricted to the production of fiat ohmic elee- 90 
rical resistors, separately or integral with a 
"printed circuit" but extends equally to 
any electrical component which essentially 
consists of, or can be made of. one or move 
patterned or unpattcrned films of appreci- 95 
able ohmic resistance between electrode-*. 
Whether the films are thin metals, semi- 
conductors, or consist of conducting par- 
tides within an insulating binder, or whether 
the ohmic voltage drop, the photoelectric 100 
effect, or the rectifying character, etc., of 
these films is utilised is not a restriction of 
the scope of the present invention which b:is 
called all these films " resistance films " be- 
cause they all have a hipher square area J05 
ohmic resistance than the metal layers from 
which the conductive pattern or electrodes 
are formed. The principle of the invention 
is applicable to all the uses and specifications 
of these " resistance " films alike. The de- HQ 
scription and explanation of the idea of the 
invention on the examples of ohmic resistors 
has been chosen for the sake <>f clarity and 
simplicity, but it is understood that the in- 
vention is not restricted to the examples H5 
given but that its seope covers all electrical 
romponents of a build-up similar to the flat 
Dhmic resistors described, even if they are 
:ommonle not referred to -\< " resistances." 

rt should be also pointed cut that the " in- 120 
Mdatim: base " referred i-» may be used as 
.;he dielectric of m capacitor or capacitors of 
'.he printed circuit — usually on areas denom- 
inated C in the examples given — but some- 
times also on areas B. Tn such cases multi- 125 
layer sheets may be used which have the 
dielectric insulating base sandwiched be- 
tween two resistance coated metal foils, or 
between any variety of the multilayer sheets 
described. The other face of the dielectric 130 
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ba>e may he metallised only without a re- 
sistance layer between the high conductivity 
surface layer and the dielectric. Alterna- 
tivaly the capacitors may be formed bv 
5 folding or superposing the multilayer sheets 
tvhicb ha-e the insulating base as one of the 
top layers as in the examples given. The 
procedure according to the invention is not 
altered for the case of a multilayer sheet 

10 ivith the insulating base in the centre of the 
sandwich and metal on both covers, except 
insofar as what has been described for one 
side must be applied to the other side of the 
in.suUHng base as well. 

15 Tinally, it should be mentioned that the 
Ai'electric insulating base may be coated as 
a thin film onto the resistance coated metal 



foil as described in our a^plic.iticns \*o 
2710;> (Serial No. 690,3:*$) of tin- 20th Oc- 
tober 194S and No. 293;>0 of the Uth No- 2o 
vember 1048, or coated to one metal foil pre- 
viously resistance coated or not and lamin- 
ated to another such foil, or two such coated 
foils be laminated together to form the 
multilayer sheet material with metal foil on 25 
both f aces and a dielectric Him in the centro 
while resistance layers ;ttv sandwiched be- 
tween the metal foil ami the dielectric- h!ui t 
the resistance layers being in intimate von. 
ductive contact with the metal foil. 3Q 

Dated the 28th dav of October 1949 
PAUL EISLEB 
H. VESEY STRONG 
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may be obtained. 
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690,691 COMPLETE SPECIFICATION 
Z SHEETS TTifj drawing is a reproduction of 
the Original on o reduced scale. 
SHEETS J & 2 
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